Fibers in the Nicalon series based on SiC but having a very low oxygen content (0.4 % wt) have recently been produced by Nippon Carbon by curing the polycarbosilane precursors with an electron beam instead of thermal oxidation. The microstructure of the fibre has been studied by TEM and, as in the NLM 202 fibre found to consist of C particle of 2-3 nm and SiC crystallites, but with larger dimensions (10-20 nm compared to 3 nm) due to the absence of a continuous Si-O-C intergranular phase.
Presentation of the fibre
The development at the beginning of the 1980's of small diameter ceramic fibres based on SiC, made by the pyrolysis of organic precursor filaments extended the range of composite materials to the reinforcement of glass and ceramic matrices [1] . This new family of composites offered the possibility of developing structural materials capable of operating at very high temperatures in air [2] . These fibres, of which the best known is the Nicalon range of fibres, produced by Nippon Carbon in Japan, possess diameters usually between 10 and 20~m.
The Nicalon fibres are produced by the conversion of polycarbosilane (PCS) precursors which contains a Si-C grouping reflecting that found in f3-SiC . [3] . The manufacture of the fibres proceeds by the crosslinking of the precursors to make it infusible, followed by a pyrolysis in nitrogen leading to the formation of the ceramic fibres. Cross-linking in the first generation of fibres was achieved by heating in an oxidizing atmosphere at 200°C to form Si-O-Si bonds. The oxygen was not eliminated during subsequent pyrolysis. The presence of methyl groups in the precursor gave rise to excess free carbon in the final ceramic fibre.
The resulting fibres known by their codes of 100 and 200 series, consisted of approximately 65 % wt of f3 SiC in the form of small grains from 1 to 3 nm and agregates of free carbon representing some 15 % by weight [4] . The excess oxygen was located at the SiC/SiC grain boundaries [5] .
The properties of these fibres were found not to be those of bulk SiC [6] The Young's moduli of the fibres were found to be around 200 GPa, considerably lower than that of bulk SiC, and their stability at high temperature was also found to be considerably less. Mechanical properties were seen to begin to fall at about l000°C and above this temperature the fibres were observed to either shrink when heated under no load or to creep if the applied stress exceeded a critical threshold level which depended on the temperature. The behaviour of these fibres above l000°C was observed to depend on grain growth and internal reactions due to the free carbon combining with the oxygen in the structure. The rate of degradation varied with the environment and degradation was seen to be slowed when heating took place in air, due to the formation of silica at the fibre surface impeding the outgassing of the oxidation products [7] .
Although the development of these fibres stimulated the production of fibre reinforced ceramics it was quickly realised that greater thermal stability of the fibres was necessary if these composites were ever to become competitive to existing metallic super alloys.
To this end a new approach has been adopted in Japan to the crosslinking of the pes precursors [8] . Instead of using oxygen to break the macromolecules so as to form new bonds and as a consequence a cross-linked structure the emerging generation of fibres known at Hi-Nicalon has been made from precursor cross-linked by electron beam radiation. Other forms of radiation have been investigated but the technique finally adopted has been to expose the precursor fibres to an electron beam of 2 MeV in an atmosphere of the Helium with the dose rate of 2.5 kGy/s and then to heat them to 500°C to diminish the free radicals trapped in the PCS fibres by irradiation. The fibres are then pyrolysed in an atmosphere of argon. In this way the oxygen content of the fibre is reduced to less than 0.5 %, however, this can be controlled to up to 30 % by varying the electron dose rate during radiation curing in air instead of Helium.
Microstructural Study
The microstructure of Hi-Nicalon fibres has been determined using transmission electron microscopy. Thin foils of the fibres having a thickness of less than 50 nm, were prepared using argon ion milling, as described elsewhere [9] . This allows specimens to be prepared which reveal both the core and the surface of the fibres. The transmission electron microscope used for this study was a 300 kV Philips EM 430 with a spherical aberration of 2 nm giving, around the Sherzer defocusing, a resolution able to image the lattice fringes corresponding to the f3 SiC planes.
Core of the fibre
The fibre is highly crystalline as shown by its electron diffraction pattern ( fig. 1) . The regular rings are characteristic of randomly oriented crystallites and are formed by the diffraction of the (111), (220), (311) planes of the majority beta SiC phase. No other phase is detectable in this pattern, neither the (002) ring of carbon nor the halo of an amorphous phase. The inability to detect these phases cannot be taken as proof that they do not exist as they may do so but in amounts too small to permit detection. A bright field image shows the regular form and distribution of the beta SiC black diffracting grains, the largest of which can reach 20 nm ( fig. 2) . Some of these grains reveal stacking faults characteristics of the numerous polytypes of the SiC atomic arrangement. 
Conclusion
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The influence of the modification of the crosslinking process has been clearly shown by this study. The radiation curing process leads to a highly crystalline fibre, similar to the previous 200 generation, but with a far bigger crystal size: 10 to 20 nm for the SiC crystals and 2 to 3 nm for the C particles. The larger grain size is likely to be due to the absence of the Si-O-C phase located at grain boundaries which inhibited grain growth in the earlier generation of Nicalon fibres [10] , [11] . The fibre is covered with a discontinuous layer of amorphous silica of around 0.5 microns thickness which will influence the interfacial properties in ceramic matrix composites.
The mechanical properties of this new generation of Nicalon fibres will depend on its microstructure. The elimination of the amorphous phase present in earlier fibres suggests that an increase in Young's modulus, due to a probable increase in thermal stability, can be expected. 
